A polymerase chain reaction-based method was developed for gender determination in a wide variety of marine and terrestrial mammals, including cetaceans, pinnipeds, ungulates, canids, and ursids. An intron within the zinc-finger x (Zfx) and zinc-finger y (Zfy) genes was amplified. Size variation between the Zfx and Zfy introns results in a Y-specific band in males. Size of the Zfy intron varies more across species than that of the Zfx intron. This technique is simple and rapid, requires small amounts of DNA, and can be applied to a variety of mammalian species. In contrast to previous methods, only 1 primer set is needed for both gender determination and internal verification of amplification.
The determination of gender in natural populations of mammals is essential for understanding population dynamics, management decisions, population structure and habitat use, and behavior and mating systems (Brown et al. 1991a; Gompper et al. 1998; Hughes 1998 ). In addition, gender determination is an invaluable tool for monitoring harvests and investigating forensic cases (Amstrup et al. 1993; Wilson and White 1998) .
Nonmolecular methods of gender identification have proved difficult and often are unreliable. For cetaceans and many other species, reliance on sexual dimorphism, association patterns, and behaviors that are assumed to be sex specific is problematic. Size differences often are limited by agerelated variation in size, and the use of associations between adults and calves (Knowlton et al. 1994 ) addresses only reproductively active females, with the presence of other adults as an additional com-* Correspondent: bwhite@trentu.ca plication (Brown et al. 1991a; Whitehead 1996) . Direct observation of the genital region (Glockner 1983) obviously is opportunistic and highly unlikely unless the animal is captured, a practice that often is difficult or unacceptable. Other methods, such as testosterone levels (Kerr 1986 ) and pelvic-girdle morphology (Edwards et al. 1982) , have been used for some deer species; however, these often are dependent on age class and morphological or physiological variation and cannot be obtained from free-ranging animals. Molecular gender determination is essential in situations when the animal is not present but tissues are available or when sex-specific characters are either absent or difficult to observe (Griffiths and Tiwari 1993; Griffiths et al. 1998) . This is especially true for many cetaceans (Baker et al. 1991; Brown et al. 1991a; Palsbøll et al. 1992) .
Molecular genetics is a powerful tool for studies of conservation genetics and is facilitated by the polymerase chain reaction (PCR). Only minute amounts of DNA are required, allowing for remote sampling (Bérubé and Palsbøll 1996) . It is possible to use hair (Taberlet et al. 1997) , blood (Amstrup et al. 1993) , feces (Reed et al. 1997) , skin biopsies (Brown et al. 1991b; Patenaude and White 1995) , and sloughed skin (Clapham et al. 1993; Richard et al. 1994 ) as a DNA source. PCR-based techniques technically are simple and rapid, making them practical for conservation and population studies. Although an adequate DNA test has been developed to sex birds (Griffiths et al. 1998 ), a comparable technique has not been available for mammals.
The objective of this study was to develop a PCR-based technique for gender determination that is practical for studies of conservation, population structure, and forensic investigations, is useful for various mammalian species, and avoids problems such as the use of restriction enzymes or multiple primer sets. This technique involves PCR amplification of an intron within zinc-finger genes on the X and Y chromosomes (Zfx and Zfy, respectively). The Y-linked zinc-finger gene was identified by Page et al. (1987) . Page et al. (1987) found that sex is determined by the presence or absence of a very small portion of the Y chromosome, including a region encoding zinc-finger domains. These zinc-finger domains were suggested to bind nucleic acids in a sequence-specific manner, regulating transcription (Page et al. 1987) . Zinc-finger Y (Page 1988 ) was proposed as a candidate testis-determining factor but was later replaced by support for the sex-determining region Y (Sry) gene as the testis-determining factor (Sinclair et al. 1990 ).
MATERIALS AND METHODS
Samples used in this study represent a wide range of marine and terrestrial mammals. These include cetaceans represented by 2 odontocetes (beluga whale, Delphinapterus leucas; franciscana dolphin, Pontoporia blainvillei) and 3 mysticetes (North Atlantic right whale, Eubalaena glacialis; South Atlantic right whale, Eubalaena australis; humpback whale, Megaptera novaeangliae); a pinniped (harbor seal, Phoca vitulina); 2 ungulates (moose, Alces alces; whitetailed deer, Odocoileus virginianus); an ursid (black bear, Ursus americanus); and canids (e.g., gray wolf, Canis lupus; coyote, Canis latrans). The term ''canid'' is used to include samples from a variety of North American canid species. Samples from individuals of known gender were obtained from canids of known taxonomy (e.g., gray wolves and coyotes) as well as from individuals for which taxonomy is controversial (Wilson et al. 2000) .
Blood and tissue samples were collected by several researchers involved in genetic studies of these species as part of ongoing collaborations with the authors (e.g., Malik et al. 2000; Murray et al. 1999 ; P. H. Ott et al., in litt.; E. R. Secchi et al., in litt.; Wilson and White 1998; Wilson et al. 2000) . Samples were collected from both live and deceased individuals, depending on the nature of the research project for each species. Skin samples from cetaceans were stored in a NaCl-saturated solution of 20% dimethyl sulphoxide and 0.25 M disodium ethylenediaminetetraacetate (EDTA, pH 8.0) following the methods of Seutin et al. (1991) . Blood and tissues for the other species were either stored in lysis buffer or frozen at Ϫ20ЊC until DNA was extracted.
For DNA extraction, blood samples were incubated in lysis buffer (4 M urea, 0.2 M NaCl, 0.5% n-lauroyl sarcosine, 10 mM 1,2-cyclohexanediaminetetraacetic acid, 0.1 M Tris-HCl, pH 8.0) supplied by Applied Biosystems (Foster City, California). Tissue samples were ground in liquid nitrogen to a fine powder with lysis buffer following standard methods. Samples were incubated at 37ЊC for 3-7 days in 4 ml of 1ϫ lysis buffer. Proteinase K (20 U/ml; Roche Diagnostics Corp., Indianapolis, Indiana) was added to each sample, followed by an overnight incubation at 37ЊC, a 2nd incubation with Proteinase K at 55ЊC for 2 h, and a final overnight incubation with Proteinase K at 37ЊC. DNA was purified with phenol and chloroform and precipitated following the methods of Schaeff et al. (1993) . DNA was quantified with a Hoefer DyNA Quant fluorometer (model 200, Hoefer Pharmacia Biotech Inc., San Francisco, California) with Hoechst dye (number 33258).
For PCR amplification for all species, we used a reaction volume of 25 l with 10 ng of template DNA under the following reaction condi- (Cathey et al. 1998) used to amplify the Zfx and Zfy introns were LGL331 5Ј-CAA-ATC-ATG-CAA-GGA-TAG-AC-3Ј and LGL335 5Ј-AGA-CCT-GAT-TCC-AGA-CAG-TAC-CA-3Ј. Reaction cycles consisted of 94ЊC for 5 min, 55ЊC for 30 s, and 72ЊC for 30 s for 1 cycle; 94ЊC for 30 s, 55ЊC for 30 s, and 72ЊC for 30 s for 30 cycles; and 94ЊC for 30 s, 55ЊC for 30 s, and 72ЊC for 2 min for 1 cycle for all species except the white-tailed deer. The annealing temperature used for amplification of white-tailed deer was 50ЊC rather than 55ЊC. Amplified products were electrophoresed in a 1.5% agarose gel at 150 V for about 4 h in a Tris-borate buffer (45 mM Tris, 45 mM boric acid, 1 mM EDTA, pH 8.0). Included on each gel for each reaction were a 100 base-pair (bp) ladder (Invitrogen Life Technologies) as a size standard and a negative control without DNA. PCR products were stained with ethidium bromide and visualized under ultraviolet light. The 100-bp ladder from each gel was used to generate a standard migration curve from which fragment sizes were extrapolated for individuals with known genders for each species. The average and standard deviation of fragment size were calculated across multiple gels to account for potential differences in electrophoresis conditions (Table 1) .
Determination of gender was based on the number of bands for a given sample. Females had 1 band that corresponded to the intron on both X chromosomes, whereas males had 2 bands, 1 corresponding to the X intron and the other to the Y intron.
RESULTS
Polymerase chain reaction amplification of the Zfx and Zfy introns from as little as 1 ng of DNA produced DNA fragments ranging from 868 to 1,278 bp (Fig. 1) . Individuals with known genders were used to validate this technique (Table 1) . Gender was identified during physical examination of dead or captured individuals. The correct gender was assigned for individuals of known gender of all species examined. In all cases, females had 1 X-chromosomespecific amplification product (Zfx intron), whereas males had this X-chromosome fragment as well as a diagnostic Y-chromosome-specific intron (Fig. 1) . In addition to samples with known gender, large numbers of samples with unknown gender were processed and gender was assigned using this technique. This included the beluga whale (n ϭ 133), franciscana dolphin (n ϭ 23), North Atlantic right whale (n ϭ 396), South Atlantic right whale (n ϭ 28), humpback whale (n ϭ 92), harbor seal (n ϭ 35), canids (n ϭ 692), black bear (n ϭ 22), moose (n ϭ 50), and white-tailed deer (n ϭ 50). Depending on the species, the Y-chromosome intron was either larger or smaller in size than the X-chromosome intron (Table 1). The Y-chromosome intron was larger in size for the beluga, franciscana dolphin, right whales, humpback whale, black bear, and canids but smaller in size for the seal, moose, and white-tailed deer. The size of the Y intron varied more across species than that of the X intron (Table 1) .
DISCUSSION
We have developed a technique to reliably determine gender in mammals using PCR amplification of introns within the Zfx and Zfy genes. Size variation between the Zfx and Zfy introns produces 2 bands in males, assumed to be a Y-specific band and an X-specific band, whereas females possess only 1 band, assumed to be an X-specific band. For individuals of unknown gender, we therefore assumed that 2 bands indicated a male and 1 band indicated a female.
This technique has a wide range of applications ranging from conservation and population studies to forensic investigations because it requires very small amounts of DNA (1 ng). Unlike other studies, which have developed techniques specific to either 1 species or only a small group of taxa (Amstrup et al. 1993; Bérubé and Palsbøll 1996; Brown et al. 1991a; Palsbøll et al. 1992; Richard et al. 1994; White 1998), we were able to successfully determine gender for many species of mammals. This technique also is technically simple, requiring only PCR amplification and agarose gel electrophoresis. This avoids the use of radioisotope and problems of failed or partial digestion associated with techniques relying on restriction digestion (Palsbøll et al. 1992) . Some studies have relied on nested PCR (reamplification from a PCR product) for gender determination (Palmirotta et al. 1998 ), but nested-PCR procedures increase the risk of contaminants.
The size difference between the Zfx and Zfy introns used here is large enough to be resolved on agarose gels (in the species we examined), and gender classification is obtained in a short period of time. The amplification of 2 differently sized products, 1 from the X chromosome and 1 from the Y chromosome, is a substantial benefit of this method over many previously used methods. When using male-specific markers such as Sry (Griffiths and Tiwari 1993; Palsbøll et al. 1992; Richard et al. 1994) , the lack of a product may be the result of a failed reaction rather than the absence of a Y chromosome. The amplification of an X-specific homologous fragment (either in males or females) in the present study val-idates the procedure, eliminating PCR inhibitors and insufficient target DNA as potential causes for the absence of a malespecific product. Thus, 1 primer set provides both sex determination and verification of amplification. In contrast, multiple primer sets (e.g., Bérubé and Palsbøll 1996; Gowans et al. 2000; Wilson and White 1998) have been used to achieve amplification of sex-specific sequences in conjunction with an internal-control target sequence. Such studies often use a mitochondrial DNA (mtDNA) sequence as an internal control in multiplex reactions (Palsbøll et al. 1992) , presenting the problem of a high number of copies of the mtDNA control target sequences compared with the nuclear target sequence for gender determination. Even if a 2nd nuclear locus is amplified as a control, it should have the same copy number (single copy in the case of Sry gender determination-Bérubé and Palsbøll 1996; Wilson and White 1998). Additional primer sets in a reaction also introduce the potential for sequence competition and thus, preferential amplification of 1 target sequence (Bérubé and Palsbøll 1996; Palsbøll et al. 1992) . The gender-determining method presented here avoids all these obstacles.
A potential limitation of this technique may be the effect of DNA degradation. A degraded DNA sample may not give successful amplification of these gender-determining products if degraded fragments are less than 1 kb. This may reduce the applicability of this technique in samples (scat and hair) that have undergone some level of degradation. However, the X and Y fragments are relatively close in size, and thus degradation would be expected to affect both fragments. Therefore, preferential degradation of the Y-specific fragment, leading to false assignment as a female, is unlikely. For gender determination from degraded samples, we recommend sequencing the X and Y introns to design species-specific internal primers that encompass the size variation between the introns on each chromosome.
